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(54) Methods and apparatus for sell-diagnosing electronic price labels 



(57) A self-diagnosing electronic price label. The la- 
bel communicates with a central processor in order to 
receive price information for display and to report the 
status of the label to the central processor. The label 
periodically runs a self-test program to verify proper op- 
eration of its components. If a component fails the self- 
test, the failure is reported to a central processor and 
the central processor reports the failure for investiga- 



tion. During normal operation, the label issues a signal 
to the central processor indicating normal operation. In 
the event of a failure, the label ceases to send the signal 
indicating normal operation. When the signal is not re- 
ceived as expected, the central processor reports the 
failure to receive the signal for investigation. This allows 
the central processor to be alerted to failures which dis- 
able communication between the label and the central 
processor. 
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Description 

[0001] The present invention relates generally to elec- 
tronic price labels. More particularly, the invention re- 
lates to methods and apparatus for automatic self-diag- 
nosis of faults in electronic price labels. 
[0002] Electronic price labels provide numerous ad- 
vantages in retailing and are growing in popularity. An 
electronic price label provides a superior substitute for 
a paper shelf label, and displays pricing and other infor- 
mation for a category of products, such as a size and 
brand of detergent or the like, suitably placed on a shelf 
in the vicinity of the label and available for purchase. In 
contrast to a paper label, which displays a fixed price 
and which must be individually changed whenever the 
price of a product is changed, an electronic price label 
can receive price information from a central database 
over a wire or through radio signals. An electronic price 
label is easy to update. Whenever a price change is de- 
sired, updated price information can be transmitted to 
every affected price label in a retail establishment. This 
is much faster and more convenient than changing pa- 
per labels, which must be changed or replaced individ- 
ually, at considerable cost of time and labor. 
[0003] While electronic labels are more versatile and 
more easily updated than are paper labels, they share 
a drawback common to many mechanical and electronic 
devices, in that they are subject to faults and break- 
downs. An electronic price label which fails may provide 
incorrect price information, or no price information at all, 
and if the label fails without issuing an alert, it may con- 
tinue in the failed condition for an indefinite length of 
time. If price labels are subject to failure without issuing 
an alert and it is desired to prevent labels from remaining 
in a failed condition, it is necessary to devote resources 
to performing periodic checks of each label. In estab- 
lishments using a large number of labels, it will be nec- 
essary to perform relatively frequent checks, because 
the large number of labels in use will render it more prob- 
able that at least one label has failed. Because failures 
in electronic devices are difficult to predict, it would be 
advisable, in the absence of an automatic diagnostic or 
alert mechanism, to examine every label during every 
examination. 

[0004] There exists, therefore, a need in the art for a 
self-diagnostic electronic price label adapted to auto- 
matically detect and report a fault. 
[0005] An electronic price label according to the 
present invention performs periodic self-diagnosis for 
faults and reports detected faults through a visual dis- 
play or audible tone, or alternatively to a central report- 
ing system. During normal operation, the price label pe- 
riodically issues a "normal operation" signal. If the cen- 
tral reporting system fails to detect the "normal opera- 
tion" signal during a predetermined time interval, the la- 
bel is presumed to be faulty and an investigation is per- 
formed. The price label includes a processor which con- 
trols normal operation forthe label, and which also runs 



a diagnostic program at periodic intervals. The proces- 
sor, under control of the diagnostic program, exercises 
each component of the electronic price label and re- 
ceives responses from the components. The processor 
5 then compares the responses received against fault sig- 
natures and reports as a failure any response matching 
a fault signature. 

[0006] According to a first aspect of the present inven- 
tion there is provided an electronic price label, compris- 
10 ing; 

memory for storing price information; an interface 
for receiving the price information for storage; 
a display for displaying the price information; 

15 a processor adapted to control operation of the 
memory, the interface and the display, the proces- 
sor being operative to perform diagnostic tests on 
one or more of the memory, the interface and the 
display and to direct the issuance of an alert report- 

20 ing a failure of one or more of the diagnostic tests. 

[0007] According to a second aspect of the present 
invention there is provided an electronic price label sys- 
tem for use in a retail establishment comprising: 

25 

a central processor for maintaining price and other 
information relating to a plurality of retail items; and 
a plurality of labels as described above, which are 
operative to communicate with the central proces- 
30 son 

[0008] According to a third aspect of the present in- 
vention there is provided a method of self-diagnosing 
price display, comprising the steps of: 

35 

establishing communication between a central 
processor and a plurality of electronic price labels; 
periodically performing a self-diagnostic on each of 
the electronic price labels; and 
40 reporting each failure status of a self-diagnostic pro- 
gram to the central processor. 

[0009] An embodiment of the present invention will 
now be described, byway of example, with reference to 
45 the accompanying drawings, in which: 

Fig. 1 illustrates a retail price display system em- 
ploying a self-diagnosing electronic price label ac- 
cording to the present invention; 
50 Fig. 2 illustrates details of a self-diagnosing elec- 
tronic price label according to the present invention; 
Fig. 3 illustrates additional details of a self-diagnos- 
ing electronic price label according to the present 
invention; 

55 Fig. 4 illustrates a method of operation for an retail 
price display system employing an electronic price 
label according to the present invention; 
Fig. 5 illustrates tests performed by a self-diagnos- 
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ing electronic price label according to the present 
invention; and 

Fig. 6 illustrates faults diagnosed by a self-diagnos- 
ing electronic price label according to the present 
invention. 

[0010] Fig. 1 illustrates a retail price display system 
100 including a plurality of self-diagnosing electronic 
price labels, shown here in groups 102A-102D, accord- 
ing to the present invention. The system 1 00 includes a 
central processor 104 having access to a storage sys- 
tem 1 06, which is preferably a fixed disk drive. The stor- 
age system 1 06 maintains one or more databases such 
as a electronic price label data file 108, a system con- 
figuration file 110 and afaultdatafile 112. The electronic 
price label data file 108, includes product information, 
identification information, product price verifier informa- 
tion, and status information for each of the electronic 
price labels in groups 102A through 102D. The central 
processor 104 executes electronic price label control 
software 116 and price display system diagnostic soft- 
ware 118. The diagnostic software 120 monitors the 
price display system 100 for failures and manages re- 
porting of failures. The control software 116 includes a 
data scheduler 122 and a communication base station 
manager 124. 

[001 1] Under control of the communication base sta- 
tion manager 1 24, the central processor 1 04 communi- 
cates with a plurality of communication base stations 
(CBSs) shown here as first through fourth CBSs 126A, 
126B 126C and 126D, respectively. The CBSs 126 A 
through 126D provide a communication interface with 
the labels in groups 1 02A through 1 02D. First and sec- 
ond CBSs 126A and 126B receive power from a first 
CBS power supply 128A, while the third and fourth CB- 
Ss 126C and 126D receive power from a second CBS 
power supply 128B. Each of the first through fourth CB- 
Ss 126A through 126D communicates with a plurality of 
the labels in groups 102A through 102D, respectively. 
[0012] Internal details of the CBS 126A are shown. 
For simplicity, the internal details of CBS 126B through 
1 26D are not shown, but CBSs 126Bthrough 1 26D have 
similar internal details to those of CBS 126A. 
[0013] CBS 126A includes internal control circuitry 
132, for accessing storage 134. The storage 134 in- 
cludes data and instructions to be transmitted to the 
electronic price labels, as well as to be used in the op- 
eration of the CBS 126A. The CBS 126A also includes 
a transmit antenna 1 36 and up to four receive antennas 
138. In orderto allowfor better processing of the signals 
received by the receive antennas 138, the CBS 126A 
includes a low noise amplifier 140. The low noise am- 
plifier 1 40 amplifies each signal received by the receive 
antennas 1 38 and passes the signals to the CBS control 
circuitry 132. When a signal is received, the control cir- 
cuitry 132 interprets the signal and passes information 
represented by the signal to the central processor 1 04. 
[001 4] CBS 1 26A is preferably a master CBS with the 



CBSs 126B through 126D being slave CBSs. CBS 
1 26A, therefore, communicates with the central proces- 
sor 104 and controls the operation of the CBSs 126B 
through 126D based on the commands received from 

5 the processor 104. Any of the CBSs 126A through 126D 
may be designated as the master, with the others being 
the slaves. The central processor 104 includes serial 
ports 141 A and 141 B for communication with the CBS 
126A and CBS 126C, respectively. The CBS 126A is 

10 connected to the central port 1 41 A by a first cable 1 42A 
and the CBS 1 26C is connected to the serial port 1 41 B 
by a second cable 1 42B. The CBSs 1 26A through 1 26D 
are connected in series by cables 143A-143C. 
[0015] Each of CBSs 126A through 126D controls op- 
's eration of its assigned electronic price labels based on 
the instructions issued by the central processor 104. 
Each CBS transmits price changes and other com- 
mands to its electronic price labels and receives status 
messages from its electronic price labels. 

20 [0016] The price display system 100 performs fault 
detection on the various components by generating a 
status request in the central processor 104 and trans- 
mitting the status request to the various components 
within the system 1 00, including the CBSs 1 26A through 

25 126D and the electronic price labels in groups 102A 
through 102D. When a failure response to a status re- 
quest is received from a component, the central proc- 
essor logs the failure and transmits the information to a 
support system 144, via a communication system 146. 

30 The central processor 1 04 may also provide an audible 
alert through a noisemaker 148 and a visual alert 
through a central display 150, and may also print the 
fault or other status information using a printer 152. 
[001 7] The most numerous components in the display 

35 system 100 are the groups of electronic price labels 
102A through 102D. In atypical store operation, thou- 
sands of electronic price labels may be employed. 
Therefore, the price labels in groups 1 02Athrough 1 02D 
according to the present invention advantageously in- 

40 elude a self-diagnostic feature. The labels are adapted 
to perform self-diagnosis and provide an alert without 
waiting for a status request. 

[0018] Fig. 2 illustrates a self-diagnosing electronic 
price label 200 according to the present invention, suit- 

45 able for use as one of the electronic price labels in 
groups 120A through 120D of Fig. 1. The label 200 in- 
cludes a label processor 202, which may suitably be im- 
plemented as a digital signal processor, and a commu- 
nications interface 204 for communicating with a com- 

50 munication base station such as the communication 
base station 114A. The communications interface 204 
includes a transmitter 206A and a receiver 206B, as well 
as an antenna 207. The price label 200 includes various 
other electronic components, including a battery 208, 

55 and display 210. The label 200 further includes read- 
only memory 212 for permanent storage of instructions 
and other data, as well as writable memory such as flash 
memory 21 4, for storage of data which does not change 
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frequently. The label 200 may suitably store several dif- 
ferent data items in memory registers 214A-214D, 
which may be portions of the flash memory 214. The 
memory registers 214A-214D are subject to testing for 
content as well as proper operation. A pushbutton 215 
is provided whereby a customer may direct the proces- 
sor 202 to select the contents of any one of the registers 
214A-214D for display. Repeated presses of the push- 
button 215 cycle between the different registers 214A- 
214D. The label 200 also includes volatile memory 216. 
The volatile memory 216 is used for short-term data 
storage in performing the normal operations of the elec- 
tronic price label 200. 

[0019] The processor 202 performs operations in re- 
sponse to status requests from a central processor such 
as the processor 1 04 of Fig. 1 . The status requests are 
received from a communication base station through the 
communications interface 204. When a status request 
is received, the processor 202 performs the operations 
directed by the status request and returns response in- 
formation to the communication base station. The com- 
munication base station returns the response informa- 
tion to the central processor 104. 
[0020] In addition to responding to status requests, 
the label 200 performs automated, unsolicited self-diag- 
nosis. In order to provide for automated fault detection 
for the label 200, the processor 202 executes internal 
electronic price label diagnostic software 203. Underthe 
control of the diagnostic software 203, the processor 
202 performs self-diagnosis, and also furnishes testsig- 
nals to the other electronic components within the label 
200. Upon receiving a test signal, an electronic compo- 
nent returns signals to the processor 202. The proces- 
sor 202 receives the signals and analyzes the signals 
to determine if they reflect a fault. Upon identifying a 
fault, the processor 202 orders the display 208 to report 
the faulty condition, and also directs the transmitter 
206A to report the fault. Some faults, such as a low or 
dead battery, call for a replacement of the specific com- 
ponent ratherthan the entire label. If the pushbutton 21 6 
is stuck, it may be necessary only to press the pushbut- 
ton 21 6 in order to free it. Therefore, the processor 202 
performs fault isolation sufficient to identify if the fault 
exists in a replaceable component or if the fault indicates 
a easily correctable condition and, if so, to identify the 
affected component. Oncethefault is identified, and iso- 
lated if appropriate, the processor 202 reports the fault 
using the display 208 and the transmitter 206A, as de- 
sired. 

[0021] If the transmitter 206A has completely failed, it 
will be unableto directly report the fault. Forth is reason, 
the processor 202 may be advantageously programmed 
to send to the central processor 104 periodic signals 
which indicate normal operation. The absence of these 
signals will indicate a faulty condition which can then be 
investigated. In this way a failure of the transmitter 206 A 
can be detected without undue delay. 
[0022] When a test of the label 200 is to be run, the 



processor 202 first performs a self-test for proper oper- 
ation. The processor 202 then tests the battery 208 for 
a low battery condition, the display 210 for correct op- 
eration, the memory 212, 214 and 216 for proper oper- 
5 ation, and the transmitter 206A and receiver 206B for 
proper operation. The processor 202 also tests the 
memory registers 214A-214D for proper operation and 
for correct content. If the test detects a fault and the 
transmitter 206A is operating sufficiently to report the 
fault, the processor 202 orders the transmitter 206A to 
report the fault to the central processor 104. The proc- 
essor 202 also directs the display 210 to display the 
faulty condition and also to stop transmission of the nor- 
mal operation signal. 

[0023] In order to reduce cost and complexity, it may 
be desired to design the label 200 as a passive device. 
In this case, the transmitter 206A would not be present 
and the label 200 would not independently transmit sta- 
tus reports and other messages to the central processor 
1 04, but instead would only send signals in response to 
status requests from the central processor 104. In this 
case, the label 200 would not transmit a normal opera- 
tion signal to the central processor 104, and would not 
transmit a failure signal in the absence of a status re- 
quest. In case of a test failure, the label 200 would dis- 
play a local visual and audible error message in order 
to indicate a need for repair. 

[0024] Fig. 3 illustrates in greater detail an electronic 
price label 300 according to the present invention, which 
may suitably be employed as one of the electronic price 
labels in groups 120A through 120D. The label 300 in- 
cludes a control circuit 302, which may suitably be im- 
plemented as a single integrated circuit. The control cir- 
cuit 302 includes an EPL processor 304, read-only 
memory 306, volatile memory 308, a communications 
interface 31 0, an audio synthesizer 312, a timer/counter 
circuit 314, an LCD controller/driver 316, a battery low 
detector 31 8, and a plurality of input/output ports, shown 
here as first port 320A and second port 320B. The label 
300 also includes a battery 322, an audio amplifier 324, 
a pushbutton 326, LCD display 328, radio frequency 
(RF) diode and modulator 330 and antenna 332. 
[0025] The label 300 receives signals from a central 
processor such as the central processor 104 of Fig. 1 
by way of the antenna 332. The signals from the antenna 
332 are processed by the radio frequency diode and 
modulator330 and passed to the control circuit302. The 
communications interface 310 within the control circuit 
302 interprets and processes the signals to obtain the 
transmitted data and passes the data to the EPL proc- 
essor 304. 

[0026] In addition to receiving data from the central 
processor, the label 300 also provides data such as sta- 
tus information and other information to a central proc- 
essor such as the central processor 104 of Fig. 1 . The 
EPL processor 304 relays data to the communications 
interface 31 0, which produces a signal which is then re- 
layed to the diode and modulator 330 and from there to 
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the antenna 332, which sends the signal to the central 
processor 1 04. 

[0027] The label 300 may periodically receive status 
requests from the central processor 1 04. When the label 
300 receives a status request, the label 300 performs 
functions as directed by the status request and returns 
a resulting signal to the central processor. The central 
processor 1 04 then interprets the received signal to de- 
termine the functioning of the label 300 and the exist- 
ence of faults. If no response is received by the central 
processor 104, the lack of response acts as an indica- 
tion that the label should be examined or replaced. 
[0028] In addition to responding to status requests, 
the label 300 performs periodic self-diagnosis and the 
EPL processor 304 periodically runs a self-test on the 
control circuit 302 and on the other components within 
the label 300. As part of the self-test, the EPL processor 
304 verifies the contents of the volatile memory 308 by 
receiving expected memory content from the central 
processor 1 04 and comparing the contents of the vola- 
tile memory data received from the central processor 
104. 

[0029] Under ordinary circumstances, a failure is dis- 
played on the LCD display 328 and relayed to the central 
processor using the communications interface 310. 
However, in some cases a failure will disable the label 
300 from reporting a failure. This will happen, for exam- 
ple, during a total failure of the control circuit 302 or a 
failure of the components used to communicate with the 
central processor. If the central processor 104 is trans- 
mitting status requests to the label 300. a failure of the 
label 300 to respond to a status request will provide in- 
dication of a failure. However, if it is not desired to trans- 
mit status requests to the label, the label 300 may be 
programmed to periodically transmit a signal to the cen- 
tral processor indicating normal operation. If a failure oc- 
curs which interrupts communication, this signal will not 
be received and the central processor will be alerted that 
the label should be investigated. In addition, the control 
circuit 302 orders the display 328 to display an error 
message whenever a component fails the self-test. This 
enables the label 300 to report a fault in a way which is 
relatively easy to detect, even when communication with 
the central processor is disabled. 
[0030] In order to reduce cost and complexity, it may 
be desired to design the label 300 as a passive device. 
In this case, the label would not independently transmit 
status reports and other messages to the central proc- 
essor 104, but instead would only send signals in re- 
sponse to status requests from the central processor 
1 04. In this case, the label 300 would not transmit a nor- 
mal operation signal to the central processor 104, and 
would not transmit a failure signal in the absence of a 
status request. In case of a test failure, the label 300 
would display a local visual and audible error message 
in order to indicate a need for repair. 
[0031] Fig. 4 illustrates a method 400 of operation of 
a retail price display system employing self-diagnosing 



electronic price labels according to the present inven- 
tion. At step 402, a central processor communicates 
pricing information to a plurality of electronic price la- 
bels. The price labels may suitably be similar to the la- 
5 bels of groups 102A through 1 02D of Fig. 1 andthecen- 
tral processor may be similar to the processor 104 of 
Fig. 1. Communication may suitably be accomplished 
through communication base stations such as the base 
stations 114A-114D of Fig. 1 . At step 404, the processor 
10 sends a status request to one or more of the price labels. 
At step 406, the processor receives response signals in 
response to the status request. At step 408, the proces- 
sor evaluates the response signals to determine if the 
signals indicate a fault and to determine the identity of 
15 any faults detected. At step 41 0, the processor commu- 
nicates the fault information to a support system. Next, 
at step 41 2, a local processor of one or more of the elec- 
tronic price labels performs a self-diagnostic for the la- 
bel. The local processor sends test signals to eachcom- 
20 ponent of the label under test and receives return sig- 
nals from the components. At step 414, the return sig- 
nals are analyzed by the local processor to determine if 
a fault is indicated and further to determine the identity 
of any faults detected. Finally, at step 41 6. the local proe- 
ms essor provides a visual and audible failure alert and ad- 
ditionally transmits the fault information to the central 
processor which then reports the fault information to a 
support system. 

[0032] Fig. 5 shows a table 500 including exemplary 
30 tests wh ich may be performed on electronic price labels 
such as the labels in groups 1 02A through 1 02D. Tests 
include a low battery test 502, a stuck button test 504, 
a checksum test 506, an LCD glass test 508, and a cir- 
cuitry test 512. 

35 [0033] Fig. 6 shows a table 600 including exemplary 
faults 602-61 0 which may be monitored and reported by 
self-diagnosing electronic price labels such as the labels 
in groups 102A through 102D. Faults include low battery 
602, stuck button 604, incorrect price data 606, broken 

40 LCD glass 608, and faulty electronic price label circuitry 
610. 

[0034] While the present invention is disclosed in the 
context of a presently preferred embodiment, it will be 
recognized that a wide variety of implementations may 
45 be employed by persons of ordinary skill in the art. 



Claims 



50 1. An electronic price label, comprising; 

memory for storing price information; an inter- 
face for receiving the price information for stor- 
age; 

55 a display for displaying the price information; 

a processor adapted to control operation of the 
memory, the interface and the display, the proc- 
essor being operative to perform diagnostic 
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tests on one or more of the memory, the inter- 
face and the display and to direct the issuance 
of an alert reporting a failure of one or more of 
the diagnostic tests. 

2. A label as claimed in claim 1 and also including an 
audible and visual alert signal for providing an au- 
dible and visual alert upon direction from the proc- 
essor upon failure of one or more of the diagnostic 
tests. 

3. A label as claimed in claim 1 or claim 2 and also 
including a battery and wherein the diagnostic tests 
include a test on the battery, the diagnostic tests be- 
ing operative to isolate a fault occurring in the bat- 
tery. 

4. A label as claimed in any preceding claim wherein 
the interface includes a radio transmitter and receiv- 
er and is operative to transmit information describ- 
ing the status of the label. 

5. A label as claimed in any preceding claim wherein 
the label is operative to periodically transmit a signal 
indicating that the label is operating normally. 

6. An electronic price label system for use in a retail 
establishment comprising: 

a central processor for maintaining price and 
other information relating to a plurality of retail 
items; and 

a plurality of labels as claimed in any of claim 
1 to 5, which are operative to communicate with 
the central processor. 

7. A system as claimed in claim 6 wherein an alert in- 
cludes a signal transmitted to the central processor 
reporting failure of the self-diagnostic test. 

8. A system as claimed in claim 6 or claim 7 wherein 
the status information includes a normal operation 
signal periodically transmitted by each label to the 
central processor during normal operation of the la- 
bel and wherein the central processor notes failure 
of a label if the normal operation signal is not re- 
ceived as expected. 

9. A method of self-diagnosing price display, compris- 
ing the steps of: 

establishing communication between a central 
processor and a plurality of electronic price la- 
bels; 

periodically performing a self-diagnostic on 
each of the electronic price labels; and 
reporting each failure status of a self-diagnostic 
program to the central processor. 



10. A method as claimed in claim 9 and also including 
the step of periodically transmitting a status req uest 
from the central processor to each of the plurality of 
electronic labels and returning responses from 

5 each of the electronic labels to the central proces- 
sor. 

1 1 . A method as claimed in claim 1 0 and also including 
the step of interpreting the responses received from 

10 each of the labels to determine whether a fault ex- 
ists in the label and to determine the identity of the 
fault. 

12. A method as claimed in claim 11 wherein the self- 
's diagnostic label determines whether a failure disa- 
bles the electronic price label from accurately re- 
porting the failure and wherein the label ceases 
transmitting signals to the central processor in the 
event that a failure occurs which disables the elec- 

20 tronic price label from reporting the failure. 
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Test 


Purpose 


Method 


502 — 


Battery level test 


Test battery voltage 


Query battery low detector 


504 — 


Stuck button test 


Test pushbutton 


Check for rapid change in 
register selected for display 


506 — 


Checksum test 


Test displayed price 
and/or information 


Compare display price with 
checksum 


508 — 


LCD glass test 


Test display glass 


Query circuitry for LCD status 


510 — 


Circuitry test 


Test EPL circuitry 


Query EPL circuitry and obtain 
return signal 






Monitored Fault 


Monitoring Action 


Reported Recommendation 


602 — 


EPL battery voltage low 


Perform EPL battery 
level test 


Replace battery or EPL if 
level is too low 


604 — 


Pushbutton stuck 


Perform stuck button 
test 


Attempt to free stuck 
pushbutton and replace EPL 
if this fails 


606 — 


Incorrect data displayed 


Perform checksum test 


Retransmit data and replace 
EPL if this fails to correct the 
fault 


608 — 


EPL display faulty 


Perform EPL LCD glass 
test 


Replace EPL 


610 — 


EPL circuitry faulty 


Perform EPL circuitry 
test 


Replace EPL 
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